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As previously explained, one of the environments for 
which the invention is designed involves substantial ac- 
celeration forces, and therefore a further object of $he 
invention is to provide a controller which is completely 

Of its axes. 
A related object of the invention is to provide a con- 

Filed Apr. 27, 1964, Ser. No. 363,348 troller which is biased to return to a centered position 
35 Claims. (CI. 74-471) about each of its axes so that in a hand-off condition the 

controller will automatically assume a neutral position. 
A further related object of the invention is to provide 

and used by or for the Government of the United States a controller which is damped about each axis to prevent 
of America for governmental purposes without the pay- oscillation when the controller handle is released to re- 
ment of any royalties thereon or therefor. turn to neutral position. 

This invention relates to means for utilizing hand mo- An additional object of the invention is to provide a 
tion for controlling movement of apparatus located at a 15 three axes controller and means for locking out control 
position remote from the operator, and more particularly motion about one of said axes. 
to a controller for controlling motion about three axes. By way of brief description a controller according to 

The controller according to the invention is designed the invention is designed so that the three axes of motion 
primarily for use as a sidearm control in air or space are kept as close as possimble to the centroids of the gov- 
craft. When used in such environment the controller 20 erning or controlling wrist and hand. The controller is 
provides for control about the three conventional aircraft designed so that the arm rests directly on the mounting 
axes. More specifically, the controller provides for con- box in whioh the control mechanism is contained. The 
trol about the mual three orthogonal axes, namely the hand grasps a formed handle which sweeps sidmays for 
pitch axis, the yaw axis and the roll axis. In addition yaw action about an axis which passes upwardly through 
to its use in flight craft the controller is also useful in 25 the wrist. The handle can also be rotated about a longi- 
other fields such as remote control handling of radio ac- tudinal axis parallel to the arm and directly below it for 
tive materials, control of equipment by an invalid who roll control. The pitch control is arranged so that it can 
has the use of one hand, use in the various transportation be operated through a combined vertical motion and 
fields for remote control of steering and braking, and in change of angular position of the hand. To allow $he 
general, use wherever it is advantageous to control forces 30 human hand to adapt to the many motions required of 
from a remote position. it the hand and wrist are supported by multiple bone 

structure as compared to the usual ball and socket con- 
tions are involved which require that substantial im- struction of other terminal bone end-joints. This, how- 
provements be made in existing controllers. For ex- ever, results in a motion about a multiplicity of centers 
ample, in the field of air or space craft high accelerations 35 instead of the usual one c m m o n  point. To provide for 
are frequently encountered as a result of sudden changes this complicated motion of the human hand, the pitah 
in speed or direction or both. Such conditions of high mechanism of the controller has two horizontal transverse 
acceleration call for the pilot's feet to be restrained in axes arranged one behind the other. One is directly be- 
a way tbat eliminates the use of the rudder pedals usual- neath the handle and the second is a short distance back 
ly associated with yaw control in an aircraft. Similarly, *' toward the wrist, beneahh the metacarpal bones of the 
use of the common control stick is eliminated because of hand. The combination motion about these two pivots 
the danger that the human arm will vary the position of approximately simulates the complex motion of the hand 
a control stick involuntarily due to high aocelerations. and wrist in pitch control. Each axis of the controller is 
As a matter of fact, the optimum design for operation of 45 arranged as close as possible to the equivalent axis of the 
modern high acceleration flight craft is one in which the hand and wrist. 
pilot is restrained in all of his normal movements as Other and further objects and features of advantage 
much as possible, allowing only movements of small will become apparent from the following detailed descrip- 
masses, suoh as a hand, that are actuated by relatively tion wherein reference is made to the accompanying draw- 
large muscles capable of overcoming the acceleration loads 5o ings in which: 
imposed upon them. FIGURE 1 is a schematic perspective view providing 

Accordingly, an object of the invention is to provide an an overall concept of the arrangement and operation of . 
improved controller which can be manimplated by an op- hhe entire controller, and showing the handle motion to 
erator who has relatively little freedom of movement. obtain pitch control, one position of the handle being 
More specifically, it is an object of the invention to pro- 55 shown in solid lines and the other in dash lines; 
vide a controller which can be moved about three axes by FIGURE 2 is a schematic perspective view similar to 
one hand under conditions where the forearm is strapped FIG. 1 'but showing the handle motion to obtain roll con- 
in a fixed position. trol; 

One of the main problelms encountered in attempting FIGURE 3 is a schematic perspective view similar to 
to operate a controller with the operator's forearm held 6o FIG. 1 but showing the handle motion to obtain yaw con- 
immobile is in connection with motion to control pitch. trol; 
With the forearm held immobile it is extremely difficult FIGURE 4 is a cross sectional v i m  through the longi- 
to make the hand move straight forward or backward or tudinal axis of a preferred form of controller and showing 
straight up and dawn. The only available motion is a some parts in elevation; 
cornbination up and down and pivotal motion. Prior con- 65 FIGURE 5 is a cross sectional vienw taken on the line 
trollers contained only a single axis about which the de- 5-5 of FIG. 4; 
scribed up and down and pivotal motion of the hand must FIGURE 6 is a cross sectional view taken on the line 
be translated and the results are not satisfactory. 6 - 6  of FIG. 4; 

Accordingly, an additional object of the invention is to FIGURE 7 is a cross sectional view taken on the line 
provide a Controller capable of motion in pitch control 7-7 of FIG. 6; 
which simulates the described up and down and pivotal FIGURE 8 is a cross sectional view taken on the line 

3,295,385 
THREE-AXIS ~ ~ ~ ~ Q L L E ~  

Earl 0. Memefee, Mountah view, and **bert A* Fucci- 
neili, $an Jose, Calif., assignors to the United States of 
America as represented by the Administrator of the 
National Aeronautics and Space Administration 

The invention described herein may be manufactured 10 

In some fields of use of remote controls, special condi- 

motion of the hand. 8-8 of FIG. 6 ;  
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FIGURE 9 is a cross sectional view taken on the line 

FIGURE 10 is a cross sectional view taken on the line 

FIGURE 11 is a top view of the mechanism under the 
top of the support frame for the controller and is taken 
on line 11-11 of FIG. 4; and 

FIGURE 12 is a cross sectional view of the yaw bungee 
and is taken on the line 12-12 of FIG. 11. 

As depicted in FIGURES 1-3 of the drawings, the con- 
troller comprises a mechanism providing four pivot axes 
numbered 1-4. A handle 5 is supported for pivotal move- 
ment about said axes. In order to translate motion of 
the handle into motion of some remote part to be con- 
trolled, the apparatus comprises three potentiometers 
6-8 having control arms 10-12 which are actuated by 
movement of handle 5 about the various pivot axes. As 
shown in FIG. 3, movement of the handle about pivot 
axis 1 will actuate control arm 10 to adjust the potenti- 
ometer 6. Potentiometer 6 can be connected in a con- 
ventional manner to control the movement of any desired 
element, for example, the yaw control surface on an air- 
craft. As shown in FIG. 2, movement of the handle 
about pivot axis 2 will actuate control arm 11 to adjust 
the potentiometer 7 which can be connected to control 
the roll of an aircraft. As shown in FIG. 1, movement 
of the handle about pivot axis 3 will actuate control arm 
12 to adjust the potentiometer 8 which can be connected 
to control the pitch of an aircraft. 

As will be noted in FIGS. 1-3, each of the potenti- 
ometers 6-8 is arranged to move as a unit with its respec- 
tive control arm when the handle is pivoted to cause 
operation of another of the potentiometers. The control 
arm of the operated potentiometer is, of course, moved 
relative to the potentiometer it controls. For example, 
in FIG. 3 potentiometer 6 is operated by movement of 
arm 10 relative thereto, and potentiometers 7 and 8 move 
with their control arms so as not to be adjusted. Al- 
though operation of the apparatus has been described 
with reference to separate movement about the three 
axes 1-3, it will be obvious to those skilled in the art 
that the handle can be moved in any direction to combine 
movement about any two or more of the axes 1-3. As 
will be noted in FIGS. 1-3, movement of the handle 
about pivot axis 4 does not operate any potentiometer. 
The only purpose of axis 4 is to accommodate the com- 
plex m'otion of an operator's hand when he tries to move 
handle 5 about axis 3 with the impediment of having his 
forearm held in a fixed position above and parallel to 
pivot axis 2. 
An actual structural embodiment of the invention will 

now be described with reference to FIGS. 4-12. In 
order to relate FIGS. 4-12 to the description of the sche- 
matic FIGS. 1-3, the same 'or primed reference numbers 
are used where appropriate. More specifically, the actual 
apparatus comprises a pivot shaft 1' which forms the 
pivot axis 1. Shaft 1' has upper and lower stub sections 
16, I7 respectively. The pivot axes 2, 3 and 4 are formed 
by pivot shafts 2', 3' and 4', respectively. The actual 
apparatus has a handle 5 and potentiometers 6, 7 and 8. 
The control arm mechanisms for operating the potenti- 
ometers 6, 7 and 8 are designated lo', 11' and 12', re- 
spectively. 

The actual apparatus further comprises a support frame 
19 having a channel-shaped lower portion providing a 
bottom 20 and sides 21. The upper end of each side has 
an inturned flange 22 on which a top 23 is mounted by 
means of screws 24. Top 23 is the surface on which an 
operator's forearm is strapped, with the hand gripping 
handle 5 and the wrist positioned substantially directly 
above the pivot shaft 1'. 

Pivot shaft 1' connects a pivot member or housing 27 
to the support frame top 23. Housing 27 comprises a 
generally rectangular block 28 having a large central bore 

9-9 Of FIG. 4; 

10-10 of FIG. 4; 

4 
29 closed by end plates 30 and 31. Stub shaft 16 of pivot 
shaft 1' is secured to the bop of block 28 and is received 
in a bearing 32 in top 23. Stub shaft 17 is secured to 
the bottom of block 28 and is received in a bearing 33 

5 which is in turn received in an angle bracket 34 secured 
to top 23 by screws 35. The pivot shaft 2' is supported 
in housing 27 by bearings 36 in the end plates 30 and 31. 

FIGURE 9 shows the arrangement in housing 27 for 
biasing handle 5 in a centered position relative to rotation 

10 about the axis of pivot shaft 2'. More specifically, a 
curved leaf spring 38 is positioned in a chamber 39 
formed along a portion of bore 29. One end of spring 
38 is attached to shaft 2' by a screw 40 and the other 
end is held by a pin 41 through the end plate 30. A back- 

15 ing block 42 is positioned for spring 38 by a screw 43. 
When handle 5 is moved, for example, to turn shaft 2' 
counterclockwise as viewed in FIG. 9, spring 38 will be 
stressed to provide a corrective force tending to turn the 
shaft clockwise. In order to bias the shaft to the same 

20 extent for return from a clockwise motion, a second 
spring 38' is provided in a second chamber 39'. Cham- 
ber 39' is not shown in section because it is believed 
obvious that spring 38' is simply arranged to operate 
exactly opposite from spring 38. 

FIGURE 10 shows the arrangement in'housing 27 for 
damping the pivotal movement of handle 5 about the 
axis of shaft 2' and for setting a positive centered posi- 
tion for such pivotal movement. More specifically, a cir- 
cular block 45 is sealed in the center portion of bore 29 

30 in housing 27. The block has a recess 46 which forms 
a damping chamber. A paddle 47 is connected to the 
shaft 2' and is received in chamber 46, with the edge of 
the paddle closely adjacent the wall of bore 29. The 
connection between paddle 47 and shaft 2' is in the form 

35 of a pin 48 which can be inserted via a bore 49 in block 
45. Damping liquid is placed in the damping chamber 
46 through a port in the housing block 28 which is then 
closed by a plug 50. Thus, as shaft 2' is rotated in block 
45, the paddle 45 moves through the liquid which must 

40 flow across the restricted space between the side edges of 
the paddle and the end walls of chamber 46 and between 
the outer edge of the paddle and the wall of bore 29. 
The tighter the sliding fit is made, the greater the damping 
becomes, and vice versa. The positive centering arrange- 

45 ment comprises a sleeve 52 positioned around shaft 2' 
and held in place by pin 48. The sleeve has a centering 
recess or detent 53 which cooperates with a ball 54 to 
releasably set the centered position. Ball 54 is biased 
toward the detent by a spring 55 held in place by a plug 

50 56, which plug also prevents the block 45 from rotating 
in the housing 27. 

Handle 5 is connected to shaft 2' in the following man- 
ner. The forward end of shaft 2' is attached to a second 
pivot member or housing 60 shown in FIGS. 4, 6, 7, 8 

55 and 11. Housing 60 comprises a block 61 to which the . 
shaft 2' is directly oonnected. Block 61 has a large central 
bore 62 similar to bore 29 in the pivot housing 27. Bore 
62 is closed by side plates 63 and 64. Housing 60 turns 
as a unit with shaft 2'. Pivot shaft 3' is mounted in 

60 housing 60 for rotation in bearings 65 in the side plates 
63 and 64. 

FIG. 8 shows the arrangement in housing 60 for biasing 
handle 5 in a centered position relative to rotation about 
the axis of pivot shaft 3'. More specifically, a curved 

65 leaf spring 68 is positioned in a cbamber 69 formed along 
a portion of bore 62. One end of spring 68 is attached 
to shaft 3' by a screw 70 and the other end is held by 
a pin 71 through the side plate 63. A backing block 72 
is positioned for spring 68 by a screw 73. Spring 68 

70 works in similar manner to tthat explained for spring 38. 
For example, when handle 5 is moved to turn shaft 3' 
counter clockwise as viewed in FIG. 8, spring 68 will be 
stressed to provide a corrective force tending to turn the 
shaft clockwise. IR order to  bias the shaft to the same 

75 extent for return from a clockwise motion, a second spring 

25 

I 

t 
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69‘ is provided in a second chamber 69’ and is arranged 
to operate exactly opposite from spring 68. 

FIG. 7 shows the arrangment in housing 60 for damp- 
ing the pivotal movement of handle 5 about the axis of 
shaft 3’ and for setting a positive centered position for 
such pivotal movement. More specifically, a circular 
block 75 is sealed in the center portion of bore 62 in hous- 
ing 60. The block has a recess 76 which forms a damp- 
ing chamber. A paddle 77 is connected to the shaft 3’ 
and is received in chamber 76, with the edge of the pad- 
dle closely adjacent the wall of bore 62. The connection 
between paddle 77 and shaft 3’ is in the form of a pin 
78 which can be inserted via a bore 79 in block 75. 
Damping liquid is placed in the damping chamber 76 
through a port in the housing block 61 which is then 
closed by a piug 80. Damping paddle 77 works in the 
same manner as explained for paddle 47. The positive 
centering arrangement comprises a centering recess or 
detent 83 in shaft 3‘ which coo$perates with a ball 84 to 
releasably set the centered position. Ball 84 is biased 
toward the detent by a spring 85 held in place by a plug 
86, which plug also prevents the block 75 from rotating 
in the housing 60. 

H’andle 5 is connected to the shaft 3’ in the following 
manner. A pair of support arms 88, 89 are secured to 
opposite ends of shaft 3’ by pins 90, 91, respectively. 
The distal ends of arms 38, 89 receive the ends of the 
pivot shaft 4’ on which the handle 5 is rigidly mounted 
by a bolt 92. Shaft 4‘ is pivotally connected to arms 
88, 89 by means of bearings 93. Snap rings 94 hold the 
shaft and bearings assembled relative to the arms 88, $9. 
In order to bias handle 5 to a centered position relative 
to movement about ,pivot shaft 4’, coil springs 95, 96 
are positioned on the shaft. A pair of ears 97, 98 (FIG. 
11) project rearwardly from shaft 4‘ ,and the inner ends 
of springs 95, 96, respectively, are received in holes in 
the ears. The outer end of each of the springs is received 
in a lightening hob  99 on the adjacent support arm. 
Thus, when handle 5 is pivoted forward about the axis 
of shaft 4’, spring 95 will be coiled to generate a return 
force. Similarly, when handle 5 is pivoted rearward, 
spring 96 will be coiled to generate a return force. 

In order to prevent unwanted motion of handle 5 about 
shaft 4’ due to acceleration forces, the apparatus is bal- 
anced about shaft 4’. The balance is accomplished by 
means of an inverted U-shaped member 100 secured to 
shaft 4’ by the bolt 92. The lower end of member 100 
carries a weight 101 held by a bolt 102. In order to fur- 
ther eliminate undesired motion due to acceleration, the 
mass of the handle unit is made as smail as possible. 
More specifically, the handle is made hollow and of light 
weight metal, and the U-shaped member 100 is made 
relatively l m g  so that the weight 101 wil have a long 
moment arm and will therefore need only be relatively 
light. The arms of member 100 are provided with 
lightening holes 103 so that the arms themselves will not 
add appreciable weight. The apparatus is also blalanced 
about pivot shaft 3’ by means of counter weights 105, 
106 attached to arms 88, 89 by screws 107. 

Spring biased centering means and damping means 
have been described for controlling motion around the 
axes of pivot shafts 2’ and 3’. The centering and damp- 
ing means for motion about the axis of pivot shaft 1’ 
will now be described, with reference to FIGS. 4, 9, 11 
and 12. An angle bracket 109 is attached to the pivot 
housing 27 by four screws llQ, for a purpose to be later 
described, and a yoke-shaped bracket 111 is attached to 
bracket 109 by screws 112. An actuating rod 113 is 
pivotally secured between the arms of yoke bracket 111 
by a pin 114. A bungee 115 is pivotally supported on 
top 23 by a vertical bracket 116 having parallel hori- 
zontal arms 117, 118. Bracket 116 is attached to top 
23 by scfews 119, and the bracket suppofis the bungee by 
pivot pin units 120. The bunme comorises a cvlinder 

6 
ably sealed in the left end of cylinder 121 and an ex- 
tension 113’ is slidably sealed in the end cap. A damp- 
ing piston 123 is slidably received in the cylinder and is 
rigidly connected to rods 113 and 113’. Centering coil 

5 springs 124, 125 are positioned on opposite sides of pis- 
ton 123. Motion limiting collars 124, 127 are positioned 
on rods 113 and 113’, respectiveiy. The cylinder is pro- 
vided with fill ports which are closed by plugs 828. Pis- 
ton 1123 carries a ball 129 which is forced by a spring 130 
into cooperation with a detent 131 in the form of an 
annular groove on the inner wall of cylinder 121. Spring 
130 is held in place by a threaded plug 132. As an 
alternative arrangement, rod 113 can be extended through 
piston 123 so that portion 113’ is an integral paut of 

15 the portion 113. In the alternative construction, the 
rod 113 is made of larger diameter so as to receive spring 
130 and the lower end of plug 132 in a bore through the 
rod. 

The cen’tering and damping arrangement for motion 
20 about shaft 1’ operates in the following manner. When 

handle 5 is swept sideways for yaw control as depicted 
in FIG. 3, the pivot housing 27 is caused to pivot about 
shaft 1’. Such pivotal movement moves shaft 113 into 
and out of the bungee cylinder 121. Inward movement 

25 compresses spring 125 to provide a force tending to re- 
turn the piston 123 to the centered position fixed by the 
ball 129 and the detent 131. Similiarly, outward move- 
ment compresses spring 124 to provide a return force. 
Movement of piston 123 in either direction is damped 

30 by the restricted flow of liquid from one side of the pis- 
ton to the other. The amount of damping depends, of 
course, upon the fit between the periphery of the piston 
and the wall of the cylinder, the tighter the fit the greater 
the damping and vice versa. 

As previously explained, the apparatus includes three 
potentiometers 6, 7 and 8. Each of the potentiometers 
is a conventional device provided with three terminals 
139. Also, each of the potentiometers is held in place 
by means of three brackets 136 and three screws 137. 

40 As disclosed in FIGS. 1-3, potentiometer 6 is actuated 
by a control arm 10. As shown in FIGS. 4 and 11, the 
control arm structure 10’ comprises an arm 138 clamped 
to stub shaft 17 by a screw 139. A gear segment 140 
is connected to the arm 138 by screws 141 and engages 

45 a gear 142 secured to the drive shaft 143 of the poten- 
tiometer 6. It will be seen that potentiometer 6 is held 
stationary with the support €rame 19 by means of a 
bracket 145 connected to bracket 34 bp screws l4L. 
Thus, when handle 5 is swept sideways for yaw control, 

50 arm 138 will pivot with shaft 1’ and the gear segment 
140 will turn the potentiometer drive gear 142 to ad- 
just the potentiometer 6. 

If it is desired to limit the controller to operation about 
only two axes, the control arm 138 can be rendered im- 

55 mobile by inserting a screw 147 throu& the arm 138 and 
up into bracket 34. It should be noted also that arm 
138 is extended to the right beyond where it supports 
the gear segment 140. The purpose OF the extension is 
to provide an additional moment arm for and convenient 

60 location for a counterweight 148 which is attached to 
the arm by a screw 148’. The mass and exact position 
of weight 148 are selected to provide an exact balance 
about shaft 1’. 

As disclosed in FIGS. 1-3, potentiometer 7 is actuated 
As shown in FIGS. 4 and 11, 

the control arm structure 11’ comprises a gear 149 
secured on the end of shaft 2‘ and an inter-enJgaging gear 
15Q on the drive shaft 151 for the potentiometer 7. 
Potentiometer 7 is secured to the pivot housing 27 for 

70 movement therewith by means of the bracket 109. Thus, 
when handle 5 is rocked sideways for roll control, gear 
149 will turn with shaft 2’ and will drive the potentiometer 

35 

65 by the controi arm 11. 

gear 150 to adjust the potentiometer 7. 
As disclosed in FIGS. 1-3, potentiometer 8 is actuated 

As shown in FIGS. 4, 6 an,d 11, 121 having a ,threaded end cap 122. Rod 113 is slid- 75 by the control arm 12. 
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the control arm structure 12’ comprises a gear segment 11. A Controller comprising a support frame, a first 
155 secured to shaft 3’ by a pin 156. Segment 155 pivot housing, a first pivot shaft connecting said first 
meshes with a gear 157 which is secured to the drive housing to said support frame, a second pivot housing, 
shaft 158 of the potentiometer 8. Potentiometer 8 is a second pivot shaft normal to said first shaft and con- 
attached to the bottom of pivot housing 66) by an angle 5 necting said second pivot housing to said first housing, 
bracket 159 secured by screws 160. Thus, when handle a third pivot shaft rotatably connected to said second 
5 is moved about the axis of shaft 3’ to control pitch, housing, the axis of said third pivot shaft intersecting the 
gear segment 155 will turn with shaft 3’ and will drive axis of said second pivot shaft, and a handle connected 
the ,potentiometer gear 15’7 to adjust the potentiometer to said third shaft. 
8. It should be noted that when the operator moves 10 12. A controller as claimed in claim 11 in which said 
handle 5 about shaft 3’, the handle is free to move first pivot housing comprises walls forming a chamber, 
simultaneously about the shaft 4’ to accominodate the and a paddle positioned in said chamber and attached to 
combined vertical and tilting action of the operator’s said second shaft for rotation therewith. 
hand as previously described. 13. A controller as claimed in claim 11 further com- 

Although specific details of the present invention are 15 prising spring means connected to said first pivot hous- 
shown and described herein, it is to be understood that ing and said second pivot shaft and resiliently resisting 
modifications may be mtade therein without departing rotation of said second shaft in either direction from a 
from the spirit and scape of the invention as set forth centered position. 
in the appended claims. 14. A controller as claimed in claim 11 in which said 

Having thus described the invention, what is claimed 20 second pivot housing comprises walls forming a cham- 
as new and desired to be secured by Letters Patent is: ber, a paddle positioned in said chamber and attached 

1. A controller comprising a support frame, a first to said third pivot shaft for rotation therewith. 
pivot member connected to said frame for pivotal move- 15. A controller as claimed in claim 11 further com- 
ment as la unit about a first axis, a second pivot mem- prising spring means connected to said second pivot hous- 
ber connected to said first pivot member for pivotal move- 25 ing and said third pivot shaft and resiliently resisting 
ment relative to the first pivot member about a second rotation of said third shaft in either direction from a 
axis, a handle connected to said second pivot mmber  centered position. 
for pivotal movement relative to said second pivot mem- 16. A controller as claimed in claim 11 in which each 
ber about a third axis, said first axis intersecting said sec- of said pivot housings comprises walls forming a cham- 
ond axis, and said third axis intersecting said second axis at 30 ber in the respective housing, a paddle positioned in 
a location spaced from said first axis. each of said chambers, means connecting the paddle in 

2. A controller as claimed in claim 1 further com- the first pivot housing to the second pivot shaft, and 
prising a third pivot member on said third axis, and a means connecting the paddle in the second pivot housing 
pivotal connection between said handle and said third to the third pivot shaft. 
pivot member and parallel to said third axis. 17. A controller as claimed in claim 16 further com- 

3. A controller as claimed in claim 1 further com- prising spring means connected to said first housing and 
prising resilient means for holding said handle in a said second shaft and resiliently resisting rotation of said 
centered position about each of said axes. second shaft in either direction from a centered posi- 

4. A controller as claimed in claim 1 further compris- tion, and spring means connected to said second hous- 
ing resilient means for holding said handle in a centered 40 ing and said third shaft and resiliently resisting rotation 
position about each of said axes, and fluid damping means of said third shaft in either direction from a centered 
for resisting movement caused by said resilient means. position. 

5. A controller as claimed in claim 1 further com- 18. A controller comprising a support frame, a first 
prising fluid damtping means for resisting movsment of pivot housing, a first pivot shaft connecting said first 
said handle about each of said axes. 45 housing to said support frame, a second pivot housing, 

6. A controller as claimed in claim 2 further com- a second pivot shaft normal to said first shaft and con- 
prising balanced weights connected to each of said pivot necting said second pivot housing to said first housing, 
members for providing a balanced condition about each a third pivot shaft connected to said second housing 
of said axes. normal to said second shaft, a fourth pivot shaft paral- 

7. A controller as claimed in claim 1 further com- 50 le1 to said third shaft, means supporting said fourth shaft 
prising means for preventing movement of said handle on said third shaft, and a handle supported by said fourth 
about said first axis. shaft. 

8. A controller as claimed in claim 7 further com- 19. A controller as claimed in claim 18 further com- 
prising resilient means for holding said handle in a prising a potentiometer carried by said second pivot hous- 
centered position about each of said axes, and fluid 55 ing, and means for operating said potentiometer by 
damping means for resisting movement caused by said pivotal movement of said handle about the axis of said 
resilient means. third shaft. 

9. A controller comprising a support frame having a 20. A controller as claimed in claim 18 further com- 
surface to which an operator’s forearm may be strapped, prising an operating arm connected to said first shaft 
a first pivot member pivotally connected to said frame for movement therewith, a potentiometer mounted on 
for pivotal movement about a first pivot axis substantial- said support frame, and gear means interconnecting said 
ly normal to said surface, a second pivot member pivotal- operating arm arid said potentiometer. 
l y  connected to said first pivot member for pivotal move- 21. A controller as claimed in claim 18 further coni- 
ment tabout a second axis substantially normal to said prising a bungee cylinder attached to said support frame, 
first axis, a handle, and pivot means pivotally connecting f35 a piston slidably sealed in said cylinder, and. means con- 
said handle to said second pivot member, said pivot necting said first pivot housing to said piston whereby 
means comprising two parallel pivot axes in a plane sub- said piston is moved by motion of said first housing 
stantially parallel to said surface. about the axis of said first pivot shaft. 

22. A controller as claimed in claim 21 further com- 
a surface to which an operator’s foreapm may $e strapped, prising a spring-pressed ball carried by said Piston and 
a handle positioned to be gripable $by the hand of an cooperating with a detent in said cylinder to establish 
operator whose arm is strapped to said surface, and a center position for said piston and spring means resist- 
means comprising two parallel pivot axes connecting ing movement of said piston in either direction from 
said handle to said support frame. 
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16). A controller com,prising a support frame havinlg 7o 

75 said center position. 
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23. A controller comprising a support frame, a first 
pivot housing, a first pivot shaft connected to said first 
housing and rotatably journalled in said support frame, 
a second pivot shaft rotatably journalled in said first 
housing normal to said first shaft, a second pivot hous- 
ing mounted on said second pivot shaft outside said first 
housing, a third pivot shaft rotatably journalled in said 
second housing, a handle connected to said third shaft, 
a first potentiometer supported by said first pivot hous- 
ing, and means for operating said potentiometer by 
movement of said handle about the axis of said second 
shaft. 

24. A controller as claimed in claim 23 further com- 
prising a second potentiometer supported by said second 
pivot housing, and means for operating said second poten- 
tiometer by pivotal movement of said handle about the 
axis of said third shaft. 

25. A controller as claimed in claim 23 further com- 
prising a third potentiometer mounted on said support 
frame, and means for operating said third potentiom- 
eter by movement of said handle about the axis of said 
first shaft. 

26. A controller comprising a support frame, a first 
pivot housing, a first pivot shaft connecting said first 
housing to said support frame, a second pivot housing, 
a second pivot shaft normal to said first shaft and con- 
necting said second pivot housing to said first housing, 
a handle, support arm means having one end connected 
to said handle, a third pivot shaft connected to the other 
end of said support arm means for operatively connect- 
ing said handle to said second housing, and counter- 
weight means providing a balanced condition about said 
third shaft. 

27. A controller as claimed in claim 26 further com- 
prising a fourth pivot shaft connected to said handle, 
said fourth shaft being parallel to said third shaft, and 
counterweight means providing a balanced condition 
about said fourth shaft. 

28. A controller as claimed in claim 24 further com- 
prising counterweight means providing a balanced con- 
dition about said first shaft. 

29. A controller as claimed in claim 2s further com- 
prising a fourth pivot shaft connected to said handle, 
said fourth shaft being parallel to said third shaft, and 
counterweight means providing a balanced condition 
about said fourth shaft. 

30. A controller comprising a support frame, a first 
pivot housing, a first pivot shaft connecting said first 
housing to said support frame, a second pivot shaft ro- 
tatably journalled in said first housing normal to said 
first shaft, a second pivot housing mounted on said 
second pivot shaft outside said first housing, a third pivot 
shaft rotatably journalled in said second housing normal 
to said second shaft, a fourth pivot shaft parallel t o  
said third shaft, means supporting said fourth shaft on 
said third shaft, a handle supported by said fourth shaft, 
counterweight means providing a balanced condition 
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about each of said first, third and fourth shafts, a first 
potentiometer mounted on said support frame, means for 
operating said first potentiometer by pivotal movement 
of said handle about the axis of said first shaft, a second 
potentiometer mounted on said first pivot housing, means 
for operating said second potentiometer by pivotal move- 
ment of said handle about the axis of said second shaft, 
a third potentiometer mounted on said second pivot hous- 
ing, means for operating said third potentiometer by 
pivotal movement of said handle about the axis of said 
third shaft, and resilient means for resisting movement 
of said handle from a centered position about the axis 
of each of said first, second and third shafts. 

31. A controller as claimed in claim 30 in which said 
first and second pivot housings each comprises walls form- 
ing a chamber and a paddle on each of said second and 
third shafts in its respective chamber. 

32. A controller as claimed in claim 31 in which said 
second shaft and first housing have a cooperating spring- 
pressed ball and detent for establishing said centered posi- 
tion about said second shaft, and said third shaft and 
second housing have a cooperating spring-pressed ball 
and detent for establishing said centered position about 
said third shaft. 

33. A controller comprising a support frame, a pivot 
housing connected to said support frame, a shaft 
mounted in said housing for rotation relative thereto, 
said housing having a bore therein coaxial with said 
shaft, a circular block received in said bore and having 
a central hole through which said shaft passes, a recess 
in said block, and a paddle in said recess and connected 
to said shaft. 

34. A controller as claimed in claim 33 in which a 
radial bore passes through said block and said housing, 
a locking pin positioned in said radial bore to prevent 
rotation of said block relative to said housing, a ball 
in said radial bore engageable with a detent moveable 
with said shaft, and a compression spring between said 
locking pin and said ball. 

35. A controller as claimed in claim 34 further com- 
prising spring means in said coaxial bore in said hous- 
ing, said spring means being connected to said shaft and 
to said housing to bias said shaft to a centered position 
in which said ball engages said detent. 
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